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Abstract 
As the development of the economic of China and the acceleration of urbanization, metropolises have run out of land 
resources. The increasingly serious urban space constraints compel us to rethink profoundly the traditional urban 
planning theory. The traditional urban planning theory pays attention to the two-dimensional space perspective of the 
ground and the aboveground to solve the problem on urban development, while, the modern urban space is a three-
dimensional space system which is made up of above and below parts of the space. Therefore, how to arrange 
appropriate functions of urban space and form a favourable urban function system according to the surface and 
underground urban space, is the problem needed to be solved by current urban planning. Planning urban space from 
the perspective of the integration of surface and underground space will re-examine and re-evaluate the urban space 
growth boundary and the bearing capacity, so that it will bring the innovations to theory, method and technology of 
traditional urban planning. 
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1. Introduction 
Along with the extensive development of rapid urbanization, the dramatical increase of urban 
population, the contradictions between urban space and functions are increasingly sharpened. Many cities 
have a “City Syndrome”, such as crowded urban space, traffic congestion, environmental pollution, 
ecological degradation, resource scarcity, etc.[1] Asking the high altitude for space, construct the tall 
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buildings and urban elevated road; requiring the ground for space, develop the urban underground space. 
The two measures have become the indispensible means of raising the urban space, easing traffic pressure 
and improving the urban environment. The current acknowledge of most people about the urban space is 
still in the concept of two-dimensional plane. Their main concern is the development of urban space 
which stays above the surface, in the horizontal direction. People pay attention to the two-dimensional 
space perspective of the ground and the aboveground to solve the problem on urban development, while 
underground space acted only as a supplementary ground space, or the substitute scheme, works only 
when the on-the-ground can not solve the conflicts. The lack of the understanding of above and below city 
space’s coordinate development, and the isolated treatment toward the planning and construction of above 
and below ground space, give rise to the wasting of space resources and the hardness of improving the 
land utilization. Therefore, the correct understanding of the characteristics of the city on or under the 
ground, the coordinated development of the city’s above and below space, as well as to overcome the one-
side thinking of “underground supplying the above”, is the precondition of using the urban space 
resources comprehensively and efficiently, solving urban problems and realizing the urban sustainable 
development strategy[2]. 
2. The integrated planning of surface and underground urban space will reassess the urban space 
constraints 
Judging from the whole world, the reason of the crisis of field for the city`s development is the high 
strength of the city construction. We can clearly see that full floor utilization, high cubage, and excess 
high-rise buildings bring out the low afforestation and environmental degradation. For example, in Los-
Angeles, US, there is no ground for the further expand construction. Even the “elevated road” offers the 
impossibility, which still need the “footprint” on the ground, while there is actually no floor to use. 
Additional, “Space” has been pointed out as a real luxury in Port Vision 2020 in Rotterdam, Netherlands. 
From current situation in our country, this problem is more serious in the 13 metropolises with the 
population of over 2 million[3]. On the basis of the 2030 Overall City Strategy of Shenzhen, the 
contradiction between the potential of development and the lack of effective resources supply (especially 
land resources), will be the main bottleneck to restrict the future development of Shenzhen. On the 
ground of the Overall City Plan of Shenzhen (2010~2020), the total area of the city is 1952.84 square 
kilometers, and 45.57% portion of the total, which is about 890 square kilometers, is using for the 
construct. Besides, the already-constructed-area occupies about 634.22 square kilometers. It is the fact 
that, Shenzhen is suffering in a crisis of lacking of land resources, since the 30 years’ development of this 
city has used up nearly two-thirds of the land of construction[4]. 
Underground urban space is a kind of enormous and abundant space resources. It can be a good way to 
ease the shortage of the urban land resources if it has been used reasonably. According to the 
Underground Space Resource Plan of Shenzhen, the volume of superficial (0~-10m) underground space 
resource is 4.55 billion cubic meters. Theoretically, nearly 2.05 billion cubic meters is available for 
development. Calculated by the floor height of 5 meters, superficial underground space can provide 411 
million square meters for construction. Additional, the sub-superficial (-10m~-30m) underground space 
resource is 14.95 billion cubic meters. Also, theoretically, nearly 4.55 cubic meters is available for 
development. Calculated by the floor height of 5 meters, sub-superficial underground space can provide 
910 million square meters for construction. Therefore, there is totally 1.321 billion cubic meters 
superficial and sub-superficial underground space that can be used for construction[5].  
The Tokyo Declaration passed on the international academic conference of underground space in 
Tokyo, in 1991, proposed “the 21st century is the century of underground space development and 
utilization”, and predicted that “there will be a third portion of the world’s population living in the 
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underground space at the end of 21st century”[6]. At present, the trend is becoming more and more 
obvious, and the large-scale underground space development based on “solving urban traffic and 
environment problem” has become the mainstream all over the world. 
With the rapid development of economy and new technology, the underground space utilization 
becomes more and more important. Owing to the three-dimensional, systematic, complex and socialized 
urban space, the contact of above and below space in modern city is greatly increasing. We can clearly 
see that there are fewer boundaries but more penetration and fusion between above and below space. In 
the future urban construction and development process, the urban underground and public space will 
merge together into a more extensive level to build the urban space system and improve the urban 
functions. 
The development of Deep Underground Space in Japan, the study on Deep City in Switzerland and 
many other projects will enable us to re-examine the urban space constraints, as well as re-evaluate the 
urban growth boundary and land bearing capacity. 
 
                            
Fig.1. Underground space resources map of Shenzhen  
3. The integrated planning of surface and underground urban space will lead to changes in urban 
planning theory 
In the area of applied science, the development of urban planning theory will be subject to the 
constraints of available space basis. Traditional urban planning theory was based on the theory of urban 
development under the plane, featured by using ground as the base surface for the organization of urban 
space. Reviewing thousands of years of urban history, we can find that the “flat model” was almost the 
only and most important city model. Of course, it was the simplest and most direct, basic model, adapting 
to the human productivity and the level of technological development at that time. Thus the “flat model” 
of urban space has not changed for thousands of years, so that it has been deeply embedded in human 
civilization and deeply roots into the collective unconsciousness of people. Until now, the “flat model” is 
still the urban model we take for granted[7]. While, underground space acted only as a supplementary 
ground space, or the substitute scheme, works only when the on-the-ground can not solve the conflicts. 
At present, the urban underground space research is still associated with the shortages of fuzzy concept, 
and excessiveness of experiential and subjective component, lacking of the research idea based on the 
overall integrated construction of surface and underground space. The urban planning is carried out 
respectively from the surface and underground space. Usually, the advanced action is for ground planning 
and construction, and the underground space planning will be delayed, causing the disjointedness of 
above and below ground planning. 
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The main source contributing to this problem is the lack of the guidance by the integrated planning 
theory of above and below ground space. If we could combine the integrated development and utilization 
of above and below ground space with the decision analysis of urban planning, it will be easier to solve 
the problem of space constraint in current urban planning. 
• From the integrated perspective of surface and underground space, re-examine the spatial and temporal 
evolution process of urban space, and enhance the understanding of urban space growth boundary. 
• From the integrated perspective of surface and underground space, analyze detailedly the different 
periods and regions of surface and underground space, and re-examine the urban function of space 
choice, offering the analysis method for urban CBD, important node, etc. 
• In the process of planning implementation, observing the changes of integrated system of surface and 
underground space will help us to transform the simple land usage planning into the three-dimensional 
regulation planning, through the planning effect evaluation. 
4. Three levels of the integrated planning goal surface underground urban space 
Early function of urban underground space is simple, mainly to meet the needs of preparing for war 
and underground transportation, but little can be combined with ground. With the development of the city 
and technology, underground space can accommodate more and more functions (such as business, 
logistics, municipal, etc.), and these functions are more closely linked with the ground buildings and 
surrounding facilities. Thus the modern underground space development can no longer meet in a separate 
development. The ground space, above and below, should be coordinately developed in three-dimensional 
type, in order to work out a functional, pleasant urban space. According to the different stages of urban 
development, we can establish three levels of the coordinated development about the above and below 
part of the city space. 
4.1. The integrated development and utilization of above, superficial and sub-superficial ground space  
The superficial and sub-superficial underground space located closely to the surface, which makes it 
easier for people to go up and down. Therefore, this part of the underground space has the highest use 
value, easily to develop, and it is also the most comfortable part to people both in material and 
psychological. So the superficial, sub-superficial underground space should be treated as the regional that 
accommodating the vast majority of human activities, which is similar to the activities on the ground. 
Through the combination of the similar functions to integrate the aboveground space into the 
underground space, making the urban space basically meet the normal operation of various functions and 
the normal life of urban residents, and the quality of urban natural environment can also meet the basic 
requirements. The integrated planning of urban space reflects in the following areas:  
• Considering about the surface and underground space uniformly, develop the space rationally, compact 
land use, reduce energy consumption, shorten the length of the city municipal networks, and promote 
the balanced development of urban space.  
• Make reasonable arrangements for urban land, so that the surface and underground space could have 
complementary functions and common development. 
• Form an overall space transportation network of the surface and underground space, to optimize the 
urban traffic environment, with the purpose of the natural environment going deep into the city[8].  
This is the primary stage, it marks that the coordinated development of the city’s above and below 
parts basically solved the major problems of urban space. However, in China, many major cities, 
especially in big cities have not yet reached the standard.  
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Table 1. City on the ground and underground space functional distinction 
Level                             Land Civil land (Within building red line) Public land (Road) 
 
Public 
Land 
(Park, Square) 
Above the city 
 
Office building, 
Commercial building, 
Dwelling 
Elevated road 
Adjacent to the surface 
 
Office building, 
Commercial building, 
Dwelling
 
Road(Roadway, Footpath) 
Green open space, 
Nature 
environment, 
Water, 
Refuge facilities 
Superficial layer(±0.00~-10m) 
Commercial facility, 
Parking plot, 
Footpath, Construction 
equipment layer 
Road, 
Subway station, 
Commercial street, 
Parking plot , 
Public utility 
 
Parking plot, 
Refuge facilities , 
Public utility, 
Processing system 
Sub-superficial layer(-11~-30m) Refuge facilities 
 
Subway tunnel, 
Common ditch, 
Road 
Public utility 
 
 
4.2. To bring the deep underground space into the integrated development and utilization of surface and 
underground urban space  
On the basis of the integrated development and utilization of above, superficial and sub-superficial 
ground space, deep underground space should also be included into the system of urban land’s integrated 
development and utilization. Deep underground space has the depth of underground about or more than 
50 meters. It is a unique region, characterized by merely non-existent of human activity. The development 
and utilization of this region to a large extent is of automated, programmed urban lifeline systems. This 
area can provide heavy infrastructure urban network, for example, it will be more secure to set the nuclear 
power plant in the deep underground space than on the ground. We can also store large amounts of water 
and energy by using deep underground space’s large capacity, thermal stability, and the ability of 
standing high pressure, high and low temperature. Furthermore, the rapid logistics transfer system settings 
in this layer will ease the tension of ground pressure on road transport and freight vehicles on urban 
environmental pollution. 
4.3. Making contribution to realize underground construction for urban infrastructure and improving the 
quality of urban life. 
It is the right action to reconstruct most of the aboveground traffic network, especially in the 
downtown, to move it into underground. Most of the motor vehicles should be operated and parked 
underground, while leaving the roads of above ground there, reserved for fire engines and ambulances. To 
cover the city with nature, it is wise to use green-space to replace the former roads, in order to make no 
environmental interference with the underground space, which is associated with the traditional traffic. 
Thus we can control the whole city by walking network. Moving all the infrastructure to the underground, 
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this construction needs comprehensive organization by organizing them together and bringing them into 
an advanced run mode, so as to designing, realizing and operating a full automatic underground logistics 
system. 
 
 
Fig.2. Use of Surface and Underground[9] 
 
 
Fig.3. The city ground space conception controlled by underground traffic and walking network[10] 
The city space can offer guarantees for the stable, intensive and high-efficient operations. Higher 
quality the city has, the more harmonious between artificial environment and natural environment there 
will be. With a better city ecosystem, the local residents will live a more convenient and wonderful life. 
At the same time, city space will also improve a comprehensive, healthy and sustainable development of 
the undertakings in the city. This will be the supreme level for the integrated development and utilization 
of above and below ground space. A more coordinated growth and harmonious existence of human, 
construction and nature there is, the “Canaan beautiful place” which we are pursuing there will be! 
5. The key issues of realizing the integrated planning of surface and underground urban space 
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According to the impact of existing urban planning model caused by the large-scale development of 
underground space, we must clarify the following four key issues: 
• The first issue: the spatio-temporal evolution mechanism of urban multi-space 
It is essential to understand the importance of the “integration of surface and underground” on 
expanding urban space and improving the utilization efficiency of urban space, by analyze the three-
dimensional characteristic of urban space from the time dimension, study of the evolution discipline and 
key descriptive parameters of the integration of surface and underground urban space, according to the 
city’s climate, topography, regional architecture and underground space form. 
• The second issue: the bearing capacity indicator system of urban land under the perspective of space 
resource constraints 
On the basis of ecological bearing capacity, there will be a model of the above and below urban 
ground space, based on the 3S technology on account of resource values, an capacity evaluation and 
exploitation intensity to establish a control index system of integrated development and a predictive 
theory of the integrated demand of above and below ground space. Through the research, it is important 
to establish a control index and definite method of the integrated planning of above and below ground 
space to give the theoretical basis of the urban planning and the urban design. 
• The third issue: the aiming model of the utilization of downtown multi-space  
On account of the “integration of surface and underground” which obeys the rule: downtown area 
comes first, followed by surrounding areas. We will collect related data of the above and below space of 
most domestic downtown areas. Based on the improvement of the quality of urban life and control 
parameter which uses “vertical delamination”, to explore design models and impact factors of the 
integrated design of different “base plane” cities, it is necessary to establish the integrated development 
and utilization model on account of multi-base planes and multi-goals. 
• The forth issue: the planning evaluation theory of urban multi-space 
By studying the adaptability evaluation index of multi-objective model in typical downtown areas, 
such as the overall capacity, efficiency, transport accessibility and the external costs of social 
environment, we will establish the adaptability evaluation model and decision model. What’s more, the 
index of “integration degree of urban space” must be put forward, so that the coordination and evaluation 
theory for sustainable development of above and below urban ground space will be established, and the 
development degree of the space will be controlled well.  
6. Conclusions 
Traditional urban planning pays mainly attentions to the urban space above the surface in the 
horizontal direction of the expansion. The result will inevitably lead to urban land use extending to the 
surrounding concentric circles, and expanding the city’s scale. The integrated development and utilization 
of surface and underground will re-examine and assess the urban growth boundary of space and the 
bearing capacity, and form a new concept of urban space constitution about the coordination and 
expansion of urban floor space, upper space and underground space. This concept reflects the three-
dimensional characteristics of urban space, which will become an inevitable trend of urban development. 
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